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(54) Priam ballaat type contact lene, method of producing the aame, and mold aeaembly used in 
producing the lens 

(57) A prism ballast type contact lens having a front 
and a back eurface, a CQnter axis o1 The tront surface 
being offset from That of the back surface which is a ge- 
ometric cemer axis of the lens, such that ihe lens has a 
thickness which continuously increases in a downward 
direction of the lens, the lens further having a slab-off 
area provided in at least a lower portion of the front sur- 
face, wherein at least an optical portion of the t>ack sur- 
face and the lower portion o1 the front surface are formed 
by molding using a mold aseembly including a male and 
a female moid half (12. 14) which are closed to define 
a mold cavhy (22) that gives a lens blank (32) which is 
formed into the prism ballast type contact lens, the male 
moU half having a convex molding surface (16) whose 
profile follows thai of the optical portion of the back sur- 
face, the female mold half having a concave molding 
surface (20) whoso profile follows that of at least the low- 
er portkw of the front surface, the rrrold cavity being de- 
fined by the convex and concave moWing surfaces, so 
as to pro\/ide the lens blank having a thickness sufficient 
to give at leasi an optical portion of the front surface by 
cutting. 
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Description 

[0001] The present appllcalion is based on Japanese 
Patent Application No. 10-56878 filed March 9 1988» 
the content of which is IncorporatBd hereinto by rsfer- 
ence. 

BACKGROUND OF THE INVEMTlON 
FieW ot the Invention 

[0002] The preeent invention relates to a prism ballast 
type contact lens, a method of producing the same, and 
a mold assembly used in the method. More particularly, 
the invention is concerned with a method of producing 
such a contact lens in a simplified manner, a prism bal- 
last type contact lens which is constructed to permit its 
production by that method, and a mold assembly used 
for producing the contaci lens. 

Discussion ol the Related Art 

[0003] As one example of contact Isnsss used for cor- 
rection of astigmatism, or for correctbn of both of near 
and distant visions ol the user, there Is known a so- 
called 'prism ballasl type' contaci lens which includes 
a front surface and a back surface, wherein the front sur- 
face has a center !ix}s which is offset from that of the 
back surface defining a geometrical center axis of the 
lens, such that the contact tens has a thickness which 
continuously increases in a downward direction of the 
lens properly oriented ri contact wilh the cornea of the 
user's eye. The prism ballast type contact lens further 
includes a slab-off area provided in at least a lower por> 
tion ot the front surface. 

[0004] Figs. 1 and 2 show such a prism ballasi type 
contact lens generally indicated at 2, wherein a back 
curved surface 4 is part-spherical or ellipsoidal fcrfkjwing 
a profile of the comea of the user's eye, and has a center 
axis A (Fig. 2) which is a geometric cenier axis ol the 
contact lens 2. which is a center of a circle thai defines 
ihe periphery of the lens, while a front cun/ed surface 6 
of the lena 2 is a toric or bifocal surface. In the contact 
lens 2 a center axis B (Fig. 2) of the front surface 6 is 
offset from the center axis A of the back surface 4 in the 
downward direction by a suitable distance, eo that the 
lens 2 has a thickness which continuously increases in 
the downward direction of the lens 2 as placed on the 
eye with the desired roiatior^al orientaUon. The contact 
lens 2 shaped to provide a ballast as described above 
is prevented from rotating on the cornea of the user's 
eye while the lens 2 is placed thereon. 
[0005] In the contact lens of Fig 2. at least a lower 
portion S of the front surface 6 is removed to reduce the 
thickness of ihe lens at that portion, and Improve the 
wearing oomlort of the lens as felt by the user, so that 
the contact lens 2 has a so-called "slab-ofr" area 10 hav- 
ing a part-spherical, conical or asphartoal profile. 



[OOOa] In general, the prism ballast type contact lens 
2 as described above is produced mainly by: 1 ) a cutting 
operation wherern both of the opposite surlaces 4, 6 of 
the lens are formed by cuaing, 2) a molding operation 

6 wherein both of the opposite surfaces 4, 6 of the lens 
are formed by molding^ or 3) a combinatten of cutting 
and molding operations wherein one oftheopposltQ sur- 
faces 4, 6 of the lens Is formed by cutting while the other 
surface is formed by molding. None of these methods, 

10 however, are satisfactory, since these methods require 
complicated and increased numbers of process steps in 
the manufacture of the lens, and largely depend on a 
high level of skill of the workers. Further, when both of 
the opposite surfaces Of the lens are formed by the 
molding operation, it is necessary to prepare a large 
number of molds corresponding to respective specific 
different contact lenses, undesirably pushing up the cost 
of manufacture of the contact lens. 
[0007] Described in detail, when both of the opposite 

^0 surfaces 4, 6 of the prism ballast type coniaci lens 2 are 
produced by the cutting operation, the cut suriacss of 
the lens 2 are formed with dimensional accuracy higher 
than molded surfaces, i.e., the surfaces ot the lens pro- 
duced by mok^ling, and exhibit excellent optical charac- 

2S teristics. This cutting method, however, requires compli- 
cated and cumbersome process steps, which include a 
step of forming the back surface 4 of the lens by using 
a precision laths, a step of forming an optical portion of 
the front surface 6 of the lens, with the center axis ol the 

30 front surface being offset by a suitable distance from the 
geometrical center axis of the lens, and a step of forming 
a slab-off area by cutting at least a lower portion of the 
front surface to reduce the thickness of the lens at that 
portion. This method not only requires cumbersome 

35 process steps of using the precision lathe, but also de- 
pends on the worker's skill to offset the center axis of 
the front surface from the geometrical center axis of the 
lens. This inevitably increases the burden of the worker, 
and causes an increase ot a reject ratio namely an in- 

40 crease in the number of defective products that must be 
rejected as being defective. 

[0008] JP-A-57-98324 and US PaU No. 5.61 1 ,970 dis- 
close examples of the method of producing the prism 
ballast type contact lens wrfiose surfaces are formed by 

^ molding, using a mokl assembly consisting of a male 
and a female mold half which cooperate to define a moU 
cavity having a profile following that of the intended 
prism ballast type contact lens. Described in detail, by 
polymeriziiiQ a suitable lens material filled in the mold 

so cavity, the prism ballast type contact lens whose front 
and back surfaces have desired configurations is ob- 
tained. In this method, the mold cavity defined by the 
male and female motel halves should have a profile cor- 
responding to that of the intended contact lens. Namely. 

ss a large number of various kinds of mold assemblies 
(male and female mold halves) need to be prepared de- 
pending upon the kinds ol contact lenses having various 
configurations. Further, ii is necessary to prepare and 
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control an inventory o1 the large number of mold assem- 
blies, inevitably increasing Ihe cost Of manufacturd Of 
Ih© contact lens. 

(0009] US Pats. Nos. 4.113.224 and 5.110,278 dis- 
close examples of the method of producing the prism 
ballast type contact Igps, wher&m one of the opposite 
surfaces of the lens is formed by cuiltng while the other 
surlacG is fomnod by molding In th is method, the intend- 
ed prism ballast type contact lens is produced by first 
molding th© back surface of the lens, then fomiing an 
optical portion of the front surface of the tens by cutting 
using the precision lathe, with the center axis of the front 
surface being offset by a suitable distance from the ge- 
ometrical center axis of the lens, and finally forming a 
slab-off area by cutting at least a lower portion of the 
front surface of the lens for roducingthe thickness of the 
lens at that portion. Though this method does not require 
a number of the mokJ assemblies to be prepared, it re- 
quires suitable means for offsetting the center axis of 
the front surface from the geomeirical center axis of the 
lens to provide a desired ballast, using the precision 
lathe. In addition, it requires a high level of worker's skill 
to machine the front surface with its center axis being 
offset from the geometrical center axis of the lens while 
making good use of such offsetting means. This inevi- 
tably increases the burden of the worker, and results In 
an increase of the reject ratio, namely the ratio of the 
number of the defective producis to the total number of 
the products manufactured. 

SUMMARY OF THE INVENTION 

(001 0] it is therefore a first object of the present inven- 
tion to provide a prism baifeisi type contact lens which 
can be produced In a simple process. 
[0011] It is a second object of the invemion lo provide 
a method of producing the prism ballast type contact 
lens in a simplified manner without preparing and nnain- 
taining a large number of mold assemblies. 
[0012] It is a third objeci of the invention to provide a 
mokd assembly suitably used for forming a lens blank 
that will give the prism ballast type contact lens. 
[0013] According to a first aspect the Invention pro- 
vides a prism ballast type contact tens having a front 
surface, and a back surface, a center axis of the front 
surface being offset from a center axis of the back sur- 
face which is a geometric center axis of the lens, such 
that Ihe lens has a thickness which continuously in- 
creases in a downward direction of the lens, the lens 
further having a slab-oft area provided in at least a tower 
portion of the front surface, wherein the Improvement 
comprises at least an optical portion ot the back surface 
find at least ihe lower portion of the front surface in which 
the slab-off area is provided being formed by molding, 
and at least an optical portbn of ihe front surface being 
formed by cutting. 

[0014] The prism ballast lype contact lens having the 
structure as described above can be manufactured in a 



conskierably simplified manner with high production ef- 
ficiency and reduced number ol defective products, and 
a( a relatively low cost, without imposing a serious bur- 
den on the worker engaged in the manufacture of the 
^ lens. 

[0015] In a first preferred form of the above first aspect 
of Ihe present invention, the prism ballast type contact 
lers is formed of a polymer or a copolymer obtained by 
polymerizing at least one eihylenically unsaturated 
10 monomer The use of such a material permits easy pro- 
duction of the prism ballast type contact lens of the de- 
sired configuration. 

[0016] According to a second aspect the Invention 
provides a method of producing a prism ballast type con- 
's taet lens having a front surface and a back surface, a 
center axis of the front surface being offset from a center 
etxis of the back surface which Is a geometric center axis 
of the lens, such that The lens has a ihickness which con- 
tinuously increases in a downward direction of the lens. 
20 the lens f unher having a slab-off area provided in at least 
a lower portion of The front surface, the method compris- 
ing the steps of: preparing a mold assembly whk;h has 
a mold cavity that gives a lens blank having a thickness 
sufficient to give at least an optical ponton of the from 
2$ surface by cutting, the mold cavity being defined by sur- 
faces of the nrtold assembly, one of which gives al least 
an optical portion of the back surface and the other of 
which gives at least the lower portion of the front surface 
in Which Ihe slab-off area is provided; polymerizing a 
^0 lens material which fills the mokl cavity of the mold as- 
sembly, so as to provide the lens blank in which at least 
the optical portion of the back surface and at least the 
lowe r portion of the front surface are fomied; and cutting 
the tens bliink lo form at least the optical portton of the 
^ from surface. 

[0017] According to Ihe present method described 
above, at least the optical portion of the back surface 
and at least the lower portion ofthelront surface in which 
the slab-off area is formed are obtained by molding. This 
arrangement eliminates otherwise required machining 
operations to form the desired back surface, and the de- 
sired slab-off area in the lower portbn of the front sur- 
face. In other words, the cutting operation is effected on- 
ly for forming the optical portion of the front surface, re- 
4S suiting in a considerably reduced number of the process 
steps and elgnificanliy increased efficiency of produc- 
tion of the contact lens. 

[0018] In a first preferred form of the above second 
aspect of the present invention, the lens blank is cut to 
so form the optical portion Of the front surface while the lens 
blank is held by the mold a&sembly which is mounted 
on a cutting device. 

[0019] In a second preferred form of the above sec- 
ond aspect of the present invention, at least a portion of 
55 the mold assembly is formed of a light-transmitting ma- 
terial, 8o that the lens material in the moid cavity is pho- 
lopolymeri^ed by a light transmitted through the portion 
of the moid assembly. 
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[0020] In a third preferred torm of the above second 
aspect of the present invention, the lens material in the 
mold cavity is thermopolymeriied. 
[0021] According to a third aspect the inversion pro- 
vides a mold assembly including a male mold halt and 5 
a temale mold half which are assembled together to de- 
fin© a mold cavity which gives a lens blank by polymer- 
ization of a iens material which fills the mold cavity, the 
lens blank giving a prism ballast type contact lens having 
a front surface and a back surface, a center axis of the io 
front surface being offset from a center axis of the back 
surlace which is a geometric center of the lens, such 
that the lens has a thickness which continuously in- 
creases in a downward direction of the lens, the lens 
f u rther having a slab-off area provided in at least a lower '5 
portion of the front surface, wherein the Improvement 
comprises; the male mold half having a convex molding 
surface whose profile follows that of at least an optical 
portion of ihe back surface while the female mold half 
has a concave molding surface whose profile follows 
that of at least the lower portion of the front surlace, the 
mold cavity being defined by the convex molding sur- 
face of the male mold half and the concave molding sur- 
face of the female mold half when the male and female 
motel halves are assembled together, so as to picvide ss 
the lens blank having a thickness sufficient to give at 
least an optical portion of the front surface by cuning. 
[0022] The mold assembly constructed as described 
above permits easy formation of the lens blank which 
will give the intended prism ballast type contact lens. 30 
[0023] In a first prelerred form of the above third as- 
pect ot the present invention, the male mold half has a 
flange at which the male mold half is fixed to a cutting 
device whose center axis is offset from a center exia of 
the convex molding surface of the male mold half on 3s 
which the lens blank is hold. When the male mold half 
is fixed at its flange to the cutting device, the center axis 
of the oplkjal portion of ihe front surface of the lens can 
be easily and automatically offset from the geometrical 
center axis of the lens i.e., the lens axis. This eliminates 40 
a conventionally required cumbersome cutting opera- 
lion for the purpose of offsetting the center axis of the 
optical portion of the front surface of the lens from the 
geometrical center axis ot the lens. 
[0024] In a second preferred form of the above thinJ ^ 
aspect of the present invention, the male mold halt in- 
cludes positioning means by which the male motel half 
is positioned relative to the cutting device, so that the 
lens blank which Is held on the convex rrwlding surface 
of the male mold half is positioned on the cutting device so 
with high accuracy. Whereby the slab -oft area Is located 
at a desired circumferential position of said contact lens 
to be obtained. 

[0025] According lo this arrangement. The lens blank 
formed in the mold cavity can be easily positioned rela- ss 
tive to the center axis of the cutting device when the 
male moid half is fixed at its flange to ihe cutting device, 
so that the cutting operation on the mold assembly and 



on the lens blank for forming the optical porton of the 
front surface of the intended contact lens can be effect- 
ed with high accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The at>ove and optional objects, featurGs, ad- 
vantages and technical significance of the present in- 
vention will be better understood by reading the fol tow- 
ing detailed description of presently preferred emijodi- 
ments of Ihe invention, when considered in conjunctxxi 
of the accompanying drawings, in which: 

Fig. 1 is a plan view showing an example of a prism 
ballast type contact lens to which the present inven* 
tion is applicable; 

Fig, 2 is a cross sectional view of the contact lens 
of Fig. 1, taken along line 2-2 of Fig, 1; 
Fig. 3(a) is an elevational view in cross section ot a 
male mold half of a moid asssmbiy consiructed ac- 
cording to one embodiment ot the present inven- 
tion, together with a fragmentary enlarged left-skJe 
view ot the nr^le nr>old half; 

Fig. 3{b) Is an elevatkmal view in cross section of a 
female mold half of the mold assembly; 
Fig. 4 is an elevational view in cross section show- 
ing the male and female mold halves in a ck>sed 
state defining a mold cavity therebeiween; 
Fig. 5 is an elevational view in cross section show- 
ing a step of photopolymerizing a lens mate rial filled 
in the mold cavity defined by the male and female 
mold halves of a mold assembly, whtoh are con- 
structed according to another embodiment of the 
present Invenlion: 

Fig. 6 is an elevational view in cross section show- 
ing a step o1 fomning a front surface of the contact 

tens; and 

Fig. 7 is a combination of a plan view and a side 
elevational view in cross section of a prism ballast 
type contact lens constructed according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Referring first to Figs. 3(a) and d(b), there is 
shown a mold assembly constructed according to one 
embodiment of the present invention. The mold assem- 
bly consists of a male mold hall 12 shown in Ffg. 3(a) 
and afemale moid half 1 4 shown In Fig. 3(b). which male 
and female mold halves 12. 14 ars closed together to 
define a mold cavity whose profile follows that of a lens 
blank 32 (Fig. 6) which gives an Intended prism ballast 
typo contact lens. 

[0028] The male and female mold halves 1 2, 1 4 may 
be made ot any known material. Generally, these mold 
hyK/es 12, 14 are made of a synthetic resin material. 
Examples of the synthetic material to be used for form- 
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ing the mo\6 halv&s 12, 1 4 Include polyolefine such a& 
polyethylene and polypropylene, polystyrene, polycar- 
bonale, polymethyl meihacrylate, a copolymer of ethyl- 
ene and vinyl alcohol, polyacetal, polyamide, polyester 
and polydulfone Preferably, ihe mold halves 12. 14 are 
resin struciures formed by injection molding using poly- 
propylene. These mold halves 12, 14. vvhich are used 
to form the lens b\ank^2., bo prclcrably made of the resin 
material because the mold halves 12, 1 4 are subjected 
to a cutting operation, together with ihe lens blank 32. 
with the male mold half 12 being clamped by a chuck 
30 of a lathe or a tuming machine which will be de- 
scribed by reference to Fig. 6. 

[00291 rnal^ "^^^^ ^ ^ i^^'^ assembly 
includes: a thick-walled cylindrical portion 12a, a part- 
spherical convex portion 12b which closes one of oppo- 
site axial open ends of the cylindrical porlion 12a and 
which protrudes axialty outwardly from thai axial end of 
the cylindrical portion I2a. and a flange 12c which pro- 
trudes radially outv^rdly from the other ^xi^l open and 
of the cylindrical portion I2a. The part -spherical convex 
ponton 1 2b has a convex molding surface 16 whose pro- 
file follows that of at least an optical portion of the back 
surface 4 of the intended prism ballast type contact tens. 
The center axis of the convex mowing surface 1 6, which 
is the geometric center axis of The lens to be obtained, 
in other words, the center axis of the optical portion of 
the back surface 4 of the lens to be obialned, is aligned 
with the center axis of the cylindrical porlion 12a, while 
the center axis of the flange 1 2c. which passes the cent- 
er of a circle whose periphery is defined by the outside 
diameter of the flange 12c, is offset from the center axis 
of the back surface of the lens by a suitable distance x, 
as indicated in Fig. 3(a). In the male mold half 12, a 
groove 18 Is formed in the inner circumferential surface 
of the cylindrical portion i2a at the axial open end por- 
tion remote from the convex molding surface 1 6, for en- 
gagement with a positioning pin 36 (Fig. 6) provided on 
the chuck 30 of the cutting device vrhich will be de- 
scribed. This groove IS functions as positioning means 
by which the nnale nnold half 1 2 is properly positioned in 
Itscircumferentlaldlreclion relative lothe cutting device, 
eo that the lens blank 32 which is formed in the mold 
cavity 22 defined by the male and female mold halves 
12, 14 Is positioned on the cutting device with high po- 
sitioning accuracy, whereby the slab-off area is properly 
located at a desired circumferential positbn of the Gon- 
tact lens to be obtained. 

[0030] The female moki hall 1 4 shown in Fig. 3(b) in- 
cludes a cylindrical portion 1 4a and a part-spherical con- 
cave portion 14b which is formed integrally at a substan- 
tially axtally intermediate portion or the inner circumfer- 
ential surface of the cylindrical portion 14a. The part- 
spherical concave portion l4b has a concave mokJing 
surface 20 whose profile follows that of at least a lower 
portion o1 the front surface of the intended prism ballast 
type contact tens, in which the slab-off area is provided. 
TTi© center axis of the concave molding surface 20 is 



aligned with the center axis of the cylindrical portion 1 4a. 
[0031] The male and female mold halves 12,14 con- 
structed as described above are assembled together in- 
to a mold assembly as shown in Fig. 4 such that the 

5 inner circumferential surface of the cylindrical portion 
14a of the female mold half 14 Is partially fitted on the 
outer circumferential surface of the cylindrical portion 
1 2a of the male mold half 1 2, to thereby define the mold 
cavity 22 between the two mold halves 12» 14. De- 

10 scribed more specifically, the mold cavity 22 is defined 
by the convex mokiJIng surface 16 of the part-€phericai 
convex portion 1 2b of the male mold half 1 2 and the con- 
cave molding surface 20 of the part -spherical concave 
portksn 1^ of the femab mokJ half 14. The moki cavity 

IS 22 is dimensKMied so that it gives the lens blank 32 
which has a thickness sufficient to form by cutting at 
least the optical portion of the front surface of the intend* 
ed contact lens. The convex molding surface 16 whbh 
partially defines the mold cavity 22 gives at leasi the op- 

2Q tical portion of the back surface of the intended contact 
lens, while the concave molding Surface 20 which par- 
tially defines the mold cavity 22 gives at least the tower 
portion of the front surface of the intended contact lens, 
in which the slab-off area is provided. In other words, at 

^5 least the lower portion of the front surface (not neces- 
sarily the Optical portion of the front surface 6 of the lens) 
is formed by moving. 

[0032] The mold cavity 22 formed by closure of the 
mate and female mold halves 12, 14 is filled with a suit- 

30 able polymeric lens material which is polymeri2ed by a 
known polymerization method, to thereby provkle the 
lens blank 32 having at least the optical portion of the 
back surface of the intended contact tens and at least 
the lower poriksn of the front Surface of the lens which 

3S has the slab-oft area. 

[0033] The lens material to be introduced into the 
HTold cavity 22 is suitably selected from among any 
known liquid polymeric materials. .The polymeric mate- 
rial to be used in the present embodiment preferably in- 

40 eludes at least one conventionally used radically polym- 
srizable ethylenicaily unsaturated monomer. Altema- 
lively, the polymeric material may be composed of a 
macromer or a prepoiymer of such a monomer, which 
Is to ba polymerized into a polymer or a copolymer that 

4$ gives the lens blank. The rnonomer used as the poly- 
meric material includes al least one of vinyl, atlyl. acryl 
and methacryl groups in Its molecule, and isconventton- 
ally used as a material for a hard contact lens or a soft 
conlaci lens. Examples of the monomer include: esters 

so of (meth)acryllc acid such as alkyl (meih)acrylate, su 
loxanyl (mGth)acrylate, fuluoroalky (meth)acrylate. hy- 
droxyalkyl (meth)acrylate. polysthyleneglyco! (meth) 
acrylate and polyhydric alcohol (meth)acrylate; deriva- 
tives of styrene; and N -vinyl lactam. TTie polymeric ma- 

B£ lerial includes, as needed, a potyf unctional monomer as 
a cross-linking agent, such as ethylenegiycol di(meth) 
acrylate or dielhyleneglycol di(meth) acrylate. The poly- 
meric material further included, as additives, a polymer- 
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ization initiator such as thermopolymerization rnitiatoror 
plictopolymeriration initiator, and a photosensllizer. The 
thus prepared polymeric material is used as the liquid 
fens material which fills the mold cavity 22 and is polym- 
erized t^y a method known in the art 
[0034] The thus prspared lens material is tilled in the 
mold cavity 22 and polymerized according to a known 
thcrmopolymcrization or a pholopofymcrlzation meth- 
od. Fig. 5 schenriatically shows a process o1 the pho- 
topolymerization of the lene material generally Indicated 
at 24, which has been introduced into the mold cavity 
22 Which i3 defined by ctosing the male and mold halves 
12, 14 The lens material 24 in the mold cavity 22 is ex- 
posed to a ultraviolet radiation having a suitable wave- 
length generated by an external UV fannp 25 whereby 
the lens material 24 Is polymerized to provide the intend- 
ed lens blank 32. When the lens material 24 is polym- 
erized by ihe photopolymerization using the ultraviolet 
radiation, at least a part of the mold assembly consisting 
of the male and female mold halves 12, 14 needs to be 
fomied o1 a material which permits transmission of light. 
In the present embodiment, at least the fenrvale mold half 
14 needs to be fomned of such a light-transmitting ma- 
terial, so that the lens material 24 in the mold cavity 22 
is polymerized by exposure to Ihe light transmitted 
through the feiTiale mold half 14 It la noted that the male 
and female mold halves shown in Fig. 5 are constructed 
according to another embodiment of the present Inven- 
tion. Described more specifically, unlike the female mokj 
hall or Fig. 3(b). the female mold half 14 shown In Fig. 
5 does not have the cylindrical portion 1 4a, while the 
male mold half 1 2 shown in Fig. 5 has a thin-walled por- 
tion 1 2d formed at the axial end of the cylindrical portion 
l2a on the side of the convex molding surface 16. The 
thus constructed male and female mold halves 12, 14 
flre closed together such that the outer circumferential 
surface of the part-sphcrical concave portion 14b of Ihe 
female mold half 1 4 is fitted on the Inner circumferential 
surface of the thin-walfed portion I2d of the cylirxJrtcal 
portion l2a of the male mold half 12, whereby the mold 
cavity 22 is defined by the two mold halves 12.14. 
[0035] The lens blank 32 obtained by using Ihe mold 
assembly (12, 14) constructed according to the present 
invention Is subjected to a cutting operation for forming 
at least the optical portion of the front surface of the in- 
tended prism ballast type contact lene. iho cutting op- 
eration on the moWed surface of the lens blank 32, 
which surface gives ihe front surface of the intended 
lens, is effected by a suitable culling device on which 
the mold assembly (12, 14) is mounted with the lens 
blank 32 being held on the mold assembly 
[0036] Dsscribed in detail by referring to Fig. 6, the 
mold assembly which holds the lens blank 32 Is mount- 
ed on the cutilng device such as a latho or turning ma- 
chine, such that the male mold half 12 is clamped at Ks 
flange I2e by the chuck 30. In this state, the chuck 30 
is rotated about its axis, suid the female mold half 1 4 and 
the lens blank 32 are subjected to a cutting operation by 



a cutting tool 34, to thereby form at feast the optical por- 
tion of the front surface of the intended contact lens. In 
the present emtxxjiment, the center axis of the flange 
1 2c of the male mold half 12 Is aligned with the rotating 

s axis of the chuck 30 of the cutting device. I.e., the axis 
of the rotation of the lens blank 32. The center axis of 
Ihe flange 12c is offset by a suitable distance from the 
center axis of the convex molding surface 1 6 of the male 
mold half 1 2. i.e., the geometrical center axis of the lens 

fO to be obtained. According to this arrangement, by simply 
fixing the flange 12c of the male mold half 12 to the 
chuck 30 of the cutting device, the lens blank 32 is po- 
sitioned on the cutting device, with Its center axis being 
properly offset from the rotating axis of the chuck 30, 
namely, the axis of rotation of the blank 32. 
[0037] For effecting the cutting operation on the lene 
blank 32 in the present embodiment, the male mold half 
12 is ctamped at the flange I2c by the chuck 30 while 
the female mold half 1 4 Is secured to the male mold half 

20 1 2. In this case, the female mold half 1 4 is cut together 
with the lens blank 32 to form at least the optical portion 
of the front surface of the intended lens. Prior to the cut* 
ting operation, the female moW half 1 4 may be removed 
from the male mold half 12. Then, the male mold half 12 

^5 Is clamped lay the chucK 30 with the lens blank 32 being 
held on the convex molding surface 1 6. In this stale, the 
lens blank 32 ie subjected to the cutting opeiatton to 
form at least the optical portion of the front surface of 
the intended lens. In either case, the male mold naif 12 

90 Is clamped by the chuck 30 of the cutting device, such 
that the positioning pin 36 provided on the chuck 30 en- 
gages the groove 1 6 of the male mold half 1 2. According 
to this arrangement, the lens blank 92 is easily posi- 
tioned on the cutting device with high accuracy, so that 

35 the slab-off area is located at the desired desired cir- 
cumferential position of the contact lens to be obtained. 
[0036] In the present emt)odiment, the cutting opera- 
tion on the lens blank 32 is effected tor forming at leae^ 
the optical portion of the front surface of the intended 

40 prism ballast type contact lens. Described in detail, in 
the lens blank 32 fomned by molding as described 
above, al least the optical portion of the back surface of 
the intended lens and at least the lower portion of the 
front surface of the lens in which the slab-off area is pro- 

4S vkted, have b een eh aped by the convex molding surface 
16 of the male mold half 12 and the concave molding 
surface 20 of the female mold half 14, respectively. Ac- 
cordingly to this arrangement, the cutting operatton on 
the lens blank 32 for forming Ihe prism ballast type con- 

^ tact lens is considerably simplified. In addition, the 
present arrangement does not require a high level of 
skill of the worker conventionally required to offset the 
center axis of the front surface from the center axis of 
the back surface of the lens to be obtained, i.e., from 

55 the geometrical center of the lervs, tor provkJing the lens 
with a desired ballast, to thereby reduce the burden of 
the worker. The present arrangement is alsoellecllve to 
lower the reject ratio, in other wonds, to reduce the 
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number of defective products. 

[0039] In the above arrangemeni wherein the male 
mold haM 12 of the mold assembly is clamped ai its 
flange l2c by the chuck dOotths lathe so that the center 
axis of the flange i2c is aligned with the rotating aicis of 
the chuck 30, the axis of rotation of the lens blank 32 is 
automatically offset from the center axis of the convex 
molding surface 16 of the male mold half 1 2. According- 
ly, the Cutting operation on the lens blank 32 for forming 
at least the optical portion of the front surface of the in- 
tended prism ballast type contact lens is easily effected 
while the lens blank 32 is held by the two mold halves 
12. 14. 

[0040] In the above embodiment, the canter axis of 
the flangs 1 2c which is aligned with the center of a c ire la 
whose periphery is defined by the ooteide diameter of 
the flange 12c 1$ aligned with the rotating axis of the 
chuck 30 It is needless to say that the alignment of the 
axes of the flange l2c and the chuck 30 may be other- 
wise established. Similarly, the center axis of the front 
surface may be otherwise offset from the geometric 
center axis of the lens to provide the intended ballast. 
For example, the center axis of the convex molding sur- 
face 16 of the male moki half 12 may be offset from the 
rotating axis of the chuck 30. rather than the center axis 
of the flange I2c. 

[0041] After the cutting operation on the lens blank 32 
for forming at least the optical portion of the front surface 
of the intended contact lens, the mold assembly (1 2, 1 4) 
is removed from the chuck 30 of the lathe. Then, the 
lens blank 32 in which the desired front surface o1 the 
contact lens has been formed by the cutting operation 
is removed from the mold assembly, to thereby provide 
the intended prism tjallast lype contact lens 40 as shown 
in Fig. 7, The thus formed contact lens 40 can be easily 
removed from the mold assembly by immersing the 
mold assembly with the lens 40 in a suitable solvent, for 
instance. The obtained prism ballast type contact lens 
40 shown in Fig. 7 is a bifocal lens, wherein a slab-off 
area 42 is formed in the lower portion of the front sur- 
face, and the optical portion of the front surface includes 
a distant vision correction area 44 and a near vision cor- 
rection area 46. As is apparent from the side eievatkyiai 
view of Fig. 7, the center axis of the front surface of the 
lens 40 is offset from the center axis of the back surface, 
i.e., the geometrical center axis of the lens 40, so that 
the thickness of the tens 40 continuously increases in 
the downward direction as seen in Fig. 7, that is» In the 
downward direction of the lens 40 when it is properly 
oriented In contact with the cornea of the user's eye 
[0042] According to the present method described 
above, the prism ballast lype contact lens can be ad- 
vantageously produced in reduced number of process 
steps. Further, the molded lens blanks 32 may be pro- 
duced in a large lot size and kept as a precursor for the 
lens 40 (end product), without the cutting operation be- 
ing perfomied. Depending upon a demand for the lens 

40, a suitable number o1 the lens blanks 32 are simply 



subjected to the cutting operation for forming the optical 
portion of the front surface, SO that the demand may be 
easily met. When the molded lens bfanks 32 before the 
cutting operation are stocked, the tens blanks 32 are 

5 classified depending upon its specifications. In the 
present embodiment, the lens blanks 32 are classified 
by simply considQring the curvature of the back surface 
and the diameter of the lens to bo obtained, since the 
specifications of the lens such as the power of the cy- 

10 lindrlcal axis of a toric fens, or the power distribution of 
the near and distant vision correction areas of a bifocal 
lens may be established later when the optical portion 
of the front surface is formed by the cutting operation. 
Accordingly, the present arrangement facilitates the m- 

1^ ventory control of the lens blank 32. 

[0043] While the present invention has been de- 
scribed in detail in its presently prefer red embodiments, 
it Is to bo understood that the invention is not limited to 
the details of the iliustraied embodiments, but may be 

^ otherwise embodied with various changes, improve- 
ments and modifications, which may occur to those 
skilled in the art, without departing from the scope of the 
attached claims. 

[0044] For instance, the principle of the present inven- 

^5 tion is applicable to any known so-called 'specialty lens" 
such as a bifocal lens, toric lens, multifocal ler^, toric 
bifocal lens and toric multifocal lens. 
[0045] The back surface and the slab-off area which 
is provided in the front surface of the present prism oai- 

30 last type contact lens may have curved profiles similar 
to those of the known contact lens. The configurations 
of the convex molding surface 16 of the male mold half 
12 and the concave molding surface 20 of the female 
mold half 14 are shaped to give those curved profiles. 

3S [0046] The location of the slab-off area of the present 
prism type contact lens is not limited to the lower portran 
of the front surface. For instance, the slab-off area may 
extend from the lower portion of the front surface in the 
circumferential direction over a suitable circumferential 

^ distance, so as to assume a crescent shape as shown 
in Figs. 1 and 7. The slab-off area may extend over the 
entire circumference of the conlacl lens, to provide an 
annular shape. Further, two separate slab-off areas may 
be provkJed at the lower and upper portkans of the front 

4f surface of the Isns, rcspectlvsly. 

^47] The offset distance "x' of the center axis of the 
flange 1 2c of the male mold half 1 2 from the geometrical 
center axis of the contact lens, In other words, the offset 
distance of the center axis of the front surface from that 

so Off the back surface, is suitably determined depending 
upon the specific characteristics required for the imend- 
ed prism type contact lens, in general, the offset dis- 
tance V is preferably in a range of 0.05-0.5 mm. 



Claims 

1. A prism ballast type contact lens having a front sur- 



55 



7 



8 "d I£99'ON 



nmim-u vanwvsv um\ B6 ^imm 



13 



EP 0 942 311 A1 



14 



fac9 and a back surlace, a center axis of said front 
surface being offset from a center axis of said back 
surface which is u geomelnc center axis of said 
lens, such that said lens has a thickness which con- 
tinuously increases in a downward direction of said 
lens, said lens further having b slab-off area provid- 
ed in at least a lower portion of said front surface, 
wherein 

at least an optical portion of said back surface 
and at least said lower portion of said front surface 
in wfiich said slab-off area is provided is formed by 
molding, and at least an optical portk>n of said from 
surface is formed by cutting. 

2. A contact lens according to claim 1 being formed ot 
a polymer or a copolymer obtained by polymerizing 
at least one ^hylenically unsaturated monomer. 

3. A method of producing a prism ballast type contact 
lens having a front surface and a back surface, a 
center axis of said front surface being offset from a 
center axis of said back surface which is a geomet- 
ric center axisot eaki tens, such that said lens has 
a thickness which continuously increases in a 
downward direction oi said lens, said lens further 
having a slab-off area provided m al least a lower 
portion of said front surface, said method compris- 
ing the steps of: 

preparing a mok^ assembly (12. 14} which has 
a mold cavity (22) that gives a lens blank (32) 
having a thickness sufficient to give at least an 
optical portion of said front surface by cutting, 
said mold cavity being defined by sui faces of 
said moid assembly, one of which gives at least 
an optical portion of said back Surface and the 
other of which gives at least said lower portion 
ot said front surface in which said slab-off area 
Is provided; 

polymerizing a lens material (24) which fills said 
mold cavity of said mold assembly, so as to pro- 
vide said lens blank in which said optical portion 
of said back surface and said lower portion of 
said front surface are formed; and 



sembly. 

6. A method according to claim 3 or 4, wherein said 
lens material in said mold cavity id thermopoiymer' 

s ized. 

7. A mold assembly including a male mold half (1 2) 
and a female mold half (14) which are assembled 
together to define a moid cavity (22) which gives a 

10 lens blank (32) by polymerlzatkDn of a tens material 
(24) which fills said mold cavity, said lens blank giv- 
ing a prism ballast type contact lens having a front 
surface and a back surface, a center axis of said 
front surface being offset from a center axis of said 

IS back surface which is a geometric center axis of 
sakl lens, such that said lens has a thickness which 
continuously increases in a downward direction of 
said lens, said lens further having a slab-off area 
provided in at least a lower portion of said front sur- 

20 tace. wherein 

said male mold half (12) has a convex molding 
surface (1 6) whose profile follows thai of at least an 
optical portion of said back surface while said te- 
nr\als mold half (1 4) has a concave molding surface 
(20) whose profile follows that of at least sakj lower 
portion of said front surface in which said slab-off 
area is provided, sakj mold cavity (22) being defined 
tsy said convex molding surface (16) ot said male 
mold half and said concave molding surface (20) of 

30 said female mold half when said male and female 
mold halves are a&sembled together, so as to pro- 
vide said lens blank (32) having a size sufficient to 
give at least an optical portion of said front surface 
by cutting. 

3S 

8. A mold assembly according to Claim 7, Wherein said 
male mold half (12) has a flange (i2c) at which said 
male mold half is fixed to a cutting device (30) 
whose center axis is offset from a center axis of said 

■*o convex molding surface (1 6) ot said male mold half 
on which said lens blank (32) is held. 

9. A mold assembly according to claim 7 or 6, wherein 
said male mold half (1 2) Includes positioning means 
(1 8} by whbh said male mold half is positioned rel- 
ative to said cutting device, so that said lend blank 
(32) which is hekl on sakj convex molding surface 
of said male mold half is positioned on said cutting 
device with high accuracy, whereby said 8lat>-ofr ar- 
ea is located at a desired drcumferentiai positksn of 
said contact lens lo be obtained. 



cutting said lens blank to form said optical por- 
lion of eaid front surface. 

4. A method according to claim 3, wherein said lens 
blank (32) is cut to form said optical p>ortion of said 
front surface while said lens blank is held by said so 
moki assembly which is mounted on a cutting de- 
vice (30). 

5. A method according to claim 3 or 4, wherein at least 
a portion of said mold assembly is formed of a light- « 
transmitting material, so that said lens material in 
said mold cavity is pholopotymeri^ed by a light 
transmitted through said portton of said mold as- 
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